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Abstract: Living kidney donation is the best treatment for end-stage renal disease, however, the best
surgical approach for minimally-invasive donor nephrectomy (DN) is still a matter of debate. This
bi-centric study aimed to retrospectively compare perioperative outcomes and postoperative kidney
function after 257 transperitoneal DNs including 52 robot-assisted (RDN) and 205 laparoscopic
DNs (LDN). As primary outcomes, the intraoperative (operating time, warm ischemia time (WIT),
major complications) and postoperative (length of stay, complications) results were compared.
As secondary outcomes, postoperative kidney and graft function were analyzed including delayed
graft function (DGF) rates, and the impact of the surgical approach was assessed. Overall, the type of
minimally-invasive donor nephrectomy (RDN vs. LDN) did not affect primary outcomes, especially
not operating time and WIT; and major complication and DGF rates were low in both groups.
A history of smoking and preoperative kidney function, but not the surgical approach, were predictive
for postoperative serum creatinine of the donor and recipient. To conclude, RDN and LDN have
equivalent perioperative results in experienced centers. For this reason, not the surgical approach,
but rather the graft- (preoperative kidney function) and patient-specific (history of smoking) aspects
impacted postoperative kidney function.
Keywords: minimally-invasive donor nephrectomy; robot-assisted surgery; laparoscopic surgery;
kidney transplantation; organ donation; living kidney donation
1. Introduction
Living kidney donation is the ultimate treatment for end-stage renal disease (ESRD) [1]. Since the
first successful living kidney donation in 1955 was carried out by Murray et al., many advances in
surgical techniques and immunosuppressive therapy have led to substantial improvements in life
expectancy and quality of life, not only for kidney recipients, but also for kidney donors [2]. In particular,
minimally-invasive approaches for donor nephrectomy (DN) have increased the incidence of living
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kidney donation since the first laparoscopic DN (LDN) in 1995 and the first robot-assisted DN (RDN) in
2000 [3–5]. Unfortunately, higher donation rates have not been able to compensate for higher demand,
which has led to at least 120,000 patients worldwide waiting for a kidney transplant today.
Many variations of minimally-invasive DN techniques have been described so far. Apart from
hand-assisted methods as a bridge to open surgery, DN has also been performed in a
retroperitoneoscopic (hand-assisted) manner [6,7]. In line with shorter flank incisions for open
DN (“minimally invasive” open DN), Gill et al. conducted the first LDN via a LESS approach
(laparoendoscopic single site surgery) in 2008 and inserted all trocars through the umbilicus [8,9].
Others have even tried to perform DN as a NOTES (natural orifice transluminal endoscopic surgery),
and Pietrabissa et al. were the first to report a transvaginal extraction of the kidney after RDN in
2010 [10]. Today, some high-volume centers have performed more than 100 RDNs or LESS single-port
RDNs, and employ specialized robotic single-site platforms [11,12]. However, the robotic approach
still accounts for less than 5% of all minimally-invasive DNs, with increasing incidence compared to
conventional transperitoneal LDN at more than 50% [13].
Irrespective of this magnitude of variations, minimally-invasive approaches for donor nephrectomy
represent the standard of care, and are recommended as “the preferential technique”, according to
the current guidelines for renal transplantation of the European Association of Urology (EAU) [14,15].
Multiple studies have shown that LDN is superior to open DN (ODN) in terms of hospital stay or
postoperative pain, but the operating and warm ischemia time (WIT) are longer [16]. Importantly,
LDN is not inferior in terms of complication rates, short- and long-term graft function. On the other
hand, when comparing LDN with the robotic approach, RDN appears to have even less postoperative
pain and less blood loss, but a longer WIT and operating time [17]. Nonetheless, analyses of cohorts
with big sample sizes are still lacking, and the high variability of minimally-invasive DN renders it
difficult to draw direct conclusions.
With this in mind, we conducted a retrospective bi-centric comparison of transperitoneal LDN
with RDN and included more than 250 interventions. We aimed to compare perioperative outcomes as
well as short- and mid-term kidney function of the donor and recipient up to four years after surgery.
Alongside sub-analyses controlling for inherent learning, regression analyses to predict postoperative
kidney and graft function were performed. All LDNs were conducted at the largest German kidney
transplant program run by a urologic department that has been performing LDNs since 1999. All RDNs
including the very first RDN in Germany in 2007, were performed at a urologic department highly
specialized in robotic surgery [18].
2. Materials and Methods
In total, 257 DNs performed at two tertiary referral centers were retrospectively analyzed. All 205
LDNs were conducted by 11 surgeons with a median caseload of 11 (range 2–43) at a urologic
department specialized in laparoscopic kidney surgery including LDNs. The 52 RDNs were performed
at another urologic department, which is specialized in robotic surgery in general. All RDNs were
conducted by five surgeons with a median caseload of 10 (range 2–29). The interventions were
performed in a transperitoneal fashion between 2007–2020 (RDN) and 2011–2016 (LDN).
At the robotic department, the very first RDN in Germany was conducted [18]. Before 2007,
all donor nephrectomies had been held in an open fashion, so none of the robotic surgeons had prior
expertise in LDN, but in a large variety of other robotic interventions. Thereafter, DN was standardized
to a robot-assisted approach. The other department in this study has been performing LDNs since 1999.
Both departments always conducted DNs in a minimally-invasive fashion during the study period,
unless the donor had a significant amount of prior abdominal surgeries and consequently high risk for
conversion. The corresponding kidney transplantations were held in an open fashion, except for the
last 18 (34.6%) cases at the robotic department. As a part of the EAU-RAKT working group (European
Association of Urology working group for robotic kidney transplantation), the first RAKT in Germany
was performed there in June 2016 [19,20]. From then, all RDNs were followed by RAKTs.
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This entire analysis was conducted in adherence with the correct scientific research work terms
of the Charité Medical University of Berlin and Saarland University including full anonymization of
patient data. All the patients included in the analysis provided written informed consent.
2.1. Surgical Technique
All RDNs were performed using a transperitoneal approach, with either a DaVinci® Si or X
system with four arms. The ports were placed pararectally. For the first RDNs, the graft was removed
in a hand-assisted manner without a specimen bag via a Pfannenstiel incision, and later on via
a periumbilically placed GelPOINT® trocar (Applied Medical, Los Angeles, CA, USA). For LDN,
the approach was purely laparoscopic, without the hand-assisted technique, which has been described
previously [21,22]. In brief, four ports were used, and the kidney was extracted through an enlarged
lateral trocar incision measuring 5 to 6 cm.
2.2. Data Collection and Outcome Measures
For the donor characteristics, age, gender, body mass index (BMI, kg/m2), pre-existing arterial
hypertension, diabetes, and history of smoking were obtained. The graft’s side, scintigraphic
split-renal function (DTPA), and number of arteries and veins served as organ-specific factors. For the
recipient characteristics, age, gender, BMI, implantation side, and individual number of prior kidney
transplantations were obtained.
Intraoperative (operating time, WIT, complications) and postoperative (length of stay, major
postoperative complications based on Clavien–Dindo grade≥3 within 30 days after surgery) results were
analyzed as primary outcomes. The comparison and prediction of postoperative kidney function of the
donor and of the recipient up to four years after transplantation served as secondary outcomes. Delayed
graft function (DGF), defined as dialysis within one week after transplantation or insufficient serum
creatinine decline not below 2 mg/dL, was analyzed as a further kidney-related secondary outcome.
2.3. Statistical Analysis
Primary and secondary outcomes were compared between the LDN and RDN group. To assess
whether perioperative outcome was affected by an inherent learning curve, both groups were split in
half and the outcomes were compared within each group. The first 34 (65.4%) RDNs were followed by
an open transplantation, but the last 18 (34.6%) were followed by a robot-assisted kidney transplantation.
To ensure that RAKT did not affect the perioperative results of RDN, the last 18 RDNs were excluded
in another sub-analysis. The impact of patient-, graft- or surgery-specific factors on postoperative
kidney function of the donor at discharge was assessed by linear regression analysis. To predict
kidney function of the recipient one week after surgery, donor and recipient characteristics, DN,
and transplantation-specific aspects were included in another uni- and multivariate regression analysis.
Categorical variables were reported as frequencies and proportions, and continuous data as the
median and range. Fisher’s exact test and the Mann–Whitney U test were used to compare between
groups. Covariates were included in the multiple regression analysis only if their respective effect
was significant in the univariate analysis. The statistical analysis was performed by SPSS version 25
with Fix pack 2 installed (IBM, Armonk, NY, USA). All tests were two-sided, and p-values < 0.05 were
considered significant.
3. Results
3.1. Overall Results: Primary Outcomes
In the RDN and LDN groups, most kidney donors were female (63–68%), 51–54 years old, and had
a BMI of 25.4–25.9 (see Table 1). Donor characteristics only differed concerning the individual history
of smoking, as there were more smokers in the LDN group (52.7 vs. 9.6%, p < 0.001). Donor organs
were 20% right-sided and had a split-renal function of 50%. The number of organs with multiple
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arteries was no different between RDN and LDN (11.5% vs. 18.5%), but significantly more grafts in the
LDN group had multiple veins (12.7% vs. none, p < 0.01). The groups did not differ regarding recipient
characteristics. Most were male (67–70%), 42–45 years old, and had a BMI of 24.7–25.3. For more than
90% of recipients, it was their first kidney transplantation.
Table 1. Comparison of donor, graft, and recipient characteristics.
RDN (n = 52) LDN (n = 205) p-Value
donor
age (yr) 54 (20; 70) 51 (21; 78) n.s.
male gender 16 (30.8%) 75 (36.6%) n.s.
BMI (kg/m2) 25.4 (17.6; 36.7) 25.9 (17.6; 36.1) n.s.
pre-existing
hypertension 15 (28.8%) 44 (21.5%) n.s.
diabetes 1 (1.9%) 3 (1.5%) n.s.
history of smoking 5 (9.6%) 108 (52.7%) <0.001
graft
right side 11 (21.2%) 45 (22%) n.s.
multiple arteries 6 (11.5%) 38 (18.5%) n.s.
multiple veins 0 26 (12.7%) <0.01
scintigraphic
function 50% (39; 57) 50% (38; 58) n.s.
recipient
age (yr) 42 (18; 66) 45 (6; 76) n.s.
male gender 35 (67.3%) 144 (70.2%) n.s.
BMI (kg/m2) 25.1 (17.6; 37) 24.7 (16.8; 40.8) n.s.
side left 8 (15.4%) 46 (22.4%) n.s.
first transplantation 48 (92.3%) 187 (91.2%) n.s.
Concerning primary outcomes, neither the median operating time (RDN 223.5 vs. LDN 213 min),
WIT (3 vs. 2.45 min), nor intraoperative complication rate (5.7 vs. 2.9%) were significantly different
between groups (see Table 2). One RDN had to be converted to open surgery because of massive
obesity and multiple trocar dislocations. In two other cases, a malfunction of the stapler and a lumbal
vein caused bleeding, which could be managed robotically without the need for blood transfusions.
In the LDN group, in one case, bleeding from a dorsal branch of the renal vein could not be controlled
laparoscopically, leading to a conversion to open surgery. In another LDN case, the renal vein was torn
during kidney removal, but could be reconstructed. Once, the donor’s spleen and the renal parenchyma
were accidentally cut, and a small hole in the descending colon had to be sutured. A previously
undetected obstructed ureteropelvic junction made one pyelovesicostomy necessary for a recipient in
the LDN group.
The median length of stay of five days was no different between the LDN and RDN groups,
nor was the postoperative major complication rate. In the RDN group, one patient had an ileus
that dissolved after gastroscopy. In the LDN group, a bronchoscopy had to be performed because
of dyspnea, and a retention of chylous ascites had to be punctured. In another case, continuous
arterial bleeding from the abdominal internal oblique muscle made electrocoagulation necessary in the
LDN group.
3.2. Learning Curve
When comparing the first half of the RDNs with the second half to analyze for inherent learning
effects, the WIT, intra- and postoperative complication rate, and length of stay remained unchanged
(see Table 3). Operating time significantly increased from 185 to 265 min in the RDN group (p < 0.001).
This difference no longer remained significant when the last 18 RDN cases were excluded; in these
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cases, RDN was followed by robot-assisted kidney transplantation (185 vs. 226 min, n.s.). In the LDN
group, the surgical results remained unchanged over time.
Table 2. Outcomes of 257 donor nephrectomies.
RDN (n = 52) LDN (n = 205) p-Value
Intraoperative
operating time (min) 223.5 (127; 363) 213 (120; 392) n.s.
WIT (min) 3 (0.5; 1) 2.45 (0.4; 5.27) n.s.
complications 3 (5.7%) 6 (2.9%) n.s.
conversions 1 (1.9%) 1 (0.5%) n.s.
postoperative
length of stay (d) 5 (2; 12) 5 (3; 18) n.s.
Clavien–Dindo n.s.
grade 3 1 (1.9%) 1 (0.5%) n.s.
grade 4 - 2 (1%) n.s.
grade 5 - - n.s.
recipient
DGF 6 (11.5%) 13 (6.3%) n.s.
Table 3. Assessment for the inherent learning curves in RDN and LDN by comparing the first with the













operating time 185 (148; 284) 265 (127; 363) <0.001 1 213 (135; 392) 216 (120; 363) n.s.
WIT (min) 3 (0.5; 9) 2 (1; 10) n.s. 2.4 (0.4; 5) 2.5 (0.5; 5.2) n.s.
complications 2 (7.7%) 1 (3.8%) n.s. 3 (2.9%) 3 (2.9%) n.s.
conversions 1 (3.8%) - n.s. - 1 (0.9%) n.s.
postoperative
length of stay (d) 5 (3–12) 5 (2–7) n.s. 5 (3; 18) 5 (3; 11) n.s.
Clavien–Dindo 0 (0; 2) 0 (0) n.s. 0 (0; 4) 0 (0; 4) n.s.
grade 3 1 (3.8%) - n.s. 1 (1%) - n.s.
grade 4 - - n.s. 1 (1%) 1 (1%) n.s.
grade 5 - - n.s. - - n.s.
recipient
DGF 4 (15.4%) 2 (7.7%) n.s. 6 (5.9%) 7 (6.8%) n.s.
1 When excluding the last 18 cases, where RDN was followed by robot-assisted kidney transplantation, the difference
was no longer significant (185 vs. 226 min, n.s.).
3.3. Kidney Function of the Donor and Recipient: Secondary Outcomes
The type of surgical approach of DN did not impact the postoperative kidney function either
of the donor or the recipient (see Figure 1). Among the donors, kidney function did not differ
preoperatively or at discharge between groups. For recipients, kidney function significantly improved
after transplantation, irrespective of the type of DN, and stayed stable thereafter.
DGF rates were 6.3 to 11.5% (LDN vs. RDN), and did not significantly differ between groups and
did not change over time (see Tables 2 and 3). In the RDN group, DGF was caused by three (5.7%)
suspected transplant renal artery stenoses, one (1.9%) perirenal hematoma due to double anticoagulation
of the mechanic aortic valve and prolonged serum creatinine decline (no dialysis needed), one (1.9%)
prolonged CIT (cold ischemia time) due to vascular complications during transplantation, and one
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(1.9%) insufficient serum creatinine decline without other cause. In the LDN group, DGF resulted from
seven (3.4%) acute rejections, one (0.5%) lesion of the arterial anastomosis after the Fogarty maneuver,
and one (0.5%) case of donor-related pre-existing vascular damage. One (0.5%) patient needed dialysis
for depletion of potassium only, and in three (1.5%) other cases, the cause for DGF in the LDN group




Figure 1. Follow-up of kidney function of the donor (a) and graft (b). The kidney function did not 
differ between robot-assisted (RDN) and laparoscopic donor nephrectomy (LDN). 
In the multivariate regression analysis, only patient-specific factors were found to have an 
impact on postoperative kidney function, but not surgical factors (see Table 4). Concerning the kidney 
function of the donor at discharge, male patient gender was predictive for worse kidney function (B-
value 0.14, p < 0.001). Furthermore, worse preoperative kidney function was associated with worse 
postoperative function (B-value 1.0, p < 0.001). A history of smoking only had an impact on 
postoperative kidney function in the univariate analysis. No other (surgical) factors such as approach 
(LDN vs. RDN), operating time, intraoperative complications, WIT, kidney side, or number of arteries 
or veins, had an impact on the kidney function of the donor at discharge. 
Table 4. Multivariable regression analysis to predict the serum creatinine (1) of the donor at discharge 
(“donor kidney function”) or (2) of the recipient one week after transplantation (“graft function”). 
Variable B-Value p-Value 
donor kidney function   
gender 0.14 (0.09; 0.19) <0.001 
preTX serum creatinine 1.00 (0.82; 1.18) <0.001 
surgical approach - n.s. 
graft function   
smoking donor 0.63 (1.21; 0.05) <0.05 
preemptive Tx - n.s. 
preTX serum creatinine 0.22 (0.12; 0.31) <0.001 
surgical approach - n.s. 
A history of donor smoking also had a significant impact on the kidney function of the recipient 
in the multivariate regression analysis: a kidney donor with a history of smoking caused worse graft 
function one week after transplantation (B-value 0.63, p < 0.05, see Table 4). Again, the preoperative 
kidney function of the recipient was predictive for their postoperative graft function (B-value 0.22, 
p < 0.001). In the univariate, but not the multivariate analysis, a preemptive kidney transplantation 
predicted better graft function (B-value −0.72, p < 0.05). Again, no surgical factors, either the type of 
donor nephrectomy (LDN vs. RDN) or the type of transplantation (open vs. robot-assisted), had an 
impact on graft function one week after transplantation. 
  
Figure 1. Follow-up of kidney function of the donor (a) and graft (b). The kidney function did not
differ between robot-assisted (RDN) and laparoscopic donor nephrectomy (LDN).
In the multivariate regression analysis, only patient-specific factors were found to have an impact
on postoperative kidney function, but not surgical factors (see Table 4). Concerning the kidney function
of the donor at discharge, male patient gender was predictive for worse kidney function (B-value 0.14,
p < 0.001). Furthermore, worse preoperative kidney function was associated with worse postoperative
function (B-value 1.0, p < 0.001). A history of smoking only had an impact on postoperative kidney
function in the univariate analysis. No other (surgical) factors such as approach (LDN vs. RDN),
operating time, intraoperative complications, WIT, kidney side, or number of arteries or veins, had an
impact on the kidney function of the donor at discharge.
able 4. ultivariable regression analysis to predict the seru creatinine (1) of the donor at discharge
(“ o or i e f ctio ”) or (2) of t e reci ie t o e ee after tra s la tatio (“graft function”).
Variable B-Value p-Value
donor kidney function
gender 0.14 (0.09; 0.19) <0.001
preTX serum creatinine 1.00 (0.82; 1.18) <0.001
surgical approach - n.s.
graft function
smoking donor 0.63 (1.21; 0.05) <0.05
preemptive Tx - n.s.
preTX serum c e tinine 0.22 (0.12; 0.31) <0.001
surgical approach - n.s.
A history of donor smoking also had a significant impact on the kidney function of the recipient
in the multivariate regression analysis: a kidney donor with a history of smoking caused worse graft
function one week after transplantation (B-value 0.63, p < 0.05, see Table 4). Again, the preoperative
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kidney function of the recipient was predictive for their postoperative graft function (B-value 0.22,
p < 0.001). In the univariate, but not the multivariate analysis, a preemptive kidney transplantation
predicted better graft function (B-value −0.72, p < 0.05). Again, no surgical factors, either the type of
donor nephrectomy (LDN vs. RDN) or the type of transplantation (open vs. robot-assisted), had an
impact on graft function one week after transplantation.
4. Discussion
In this bi-centric study, a comparison of 257 minimally-invasive donor nephrectomies with 205
laparoscopic and 52 robot-assisted DNs was conducted. Of note, this analysis included the very first
RDN in Germany, and all LDNs were performed at a urologic department where LDNs have been
conducted since 1999 [18].
Concerning the primary outcomes, operating time was no different between RDN and LDN (223.5
vs. 213 min, see Table 1). Most studies describe shorter operating times for LDNs, but report highly
variable results [17]. Mean operating times for RDNs range from 144 to 306 min [23,24], and for LDNs
between 178 and 270 min [25,26], even when only studies with cohorts larger than 100 patients are
included. These differences could result from inherent learning curves: Horgan et al. and Janki et
al. have shown that operating times in RDN shorten with growing expertise [27,28]. Interestingly,
our data do not show an inherent learning effect, either in the RDN or in the LDN cohort. Outcomes
remained unchanged over time (see Table 3). Conversely, operating time became significantly longer
within the second half of the RDNs (185 vs. 265 min, p < 0.001).
This counterintuitive development resulted from the way transplantations were organized, as both
institutions perform DNs and transplantations in different operating rooms simultaneously, but not
sequentially. Two surgical teams work in parallel, but the graft is not removed unless the transplantation
team is ready, to avoid long cold ischemia times. The RDN cohort not only comprised the first RDN,
but also the first robot-assisted kidney transplantation in Germany (procedure #35) [18,20]. Operating
times in the RDN cohort became longer from that point, as the learning curve for RAKTs had not
yet been passed. Naturally, the RDN team started more than 30 min before the transplantation team,
but RAKT proved to be much more challenging and time-consuming. When excluding the last 18
cases, when RDN was followed by RAKT, the operating times of the RDNs did not change over time.
Thus, the obvious lack of a typical learning curve illustrates that for LDNs, the learning curve had
already been passed and for RDNs, significant prior expertise in robotic surgery made it possible to
reach stable results from the start [29].
As with the operating time, WIT was not different between RDNs and LDNs (3 vs. 2.45 min).
In the RDNs, most grafts were extracted via a GelPOINT® trocar (Applied Medical, Los Angeles,
CA, USA), which is an easy and fast, yet expensive method. Wang et al. illustrated significantly
longer WIT for RDNs than LDNs in their meta-analysis, which is an often-stated argument against
RDNs [17,30]. However, it is unlikely that differences of 30 or 60 s in WIT will harm the graft function
in the long-, mid- or even short-term. It has clearly been shown that a WIT longer than 45 min impairs
graft survival in living kidney donation [31]. Fortunately, neither our results nor those from other
studies have documented WIT longer than 15 min for RDNs, keeping in mind that the consecutive CIT
is again followed by another WIT during transplantation.
Intraoperative complication rates were low in both RDNs (5.7%) and LDNs (2.9%), and did not
significantly differ. In line with others, most intraoperative complications were bleedings, whereof
one in the LDN group made a conversion to open surgery necessary, but none in the RDN group [17].
In contrast, a patient with massive obesity had multiple trocar dislocations within the first minutes of
surgery, so the RDN had to be converted to open surgery. Due to a technical defect of the stapler system
for one patient in the RDN group, which made it cut but not staple, locking Hem-o-Lok clips were
predominantly used later on, as described elsewhere [32]. During LDNs, Hem-o-Lok and titanium
clips are used for the renal artery, a stapler for the right vein, and two Hem-o-Lok clips for the left vein.
Not only intraoperative but also postoperative complication rates, according to Clavien–Dindo, were
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low and did not differ between LDN and RDN. Therefore, both surgical approaches had equivalent
complication rates, while LDN has less costs, but RDN appears to be superior in complex situations
such as bleedings.
The kidney donors were discharged five days after DN, irrespective of the type of surgery (see
Table 2). Consequently, the median length of stay was longer than in most other works, ranging from
2–3 days for LDNs and RDNs [11,17,24]. This can be attributed to differences in national health care
systems as (i) the German reimbursement system covers a longer hospital stay and (ii) most donors
wanted to stay longer as inpatients for psychological reasons. In fact, only 15 (5.8%) patients were
discharged two or three days after DN. Early discharge after RDN and LDN is possible from a surgical
point of view, however, it has not been a crucial parameter for our perioperative approach, as long as
neither patient satisfaction nor health care costs are affected.
As a secondary outcome, the impact of the surgical approach on postoperative kidney function
was assessed. Kidney donors had a worse kidney function at discharge, which was comparable
between groups and similar to results found in other studies (RDN 1.1 mg/dL vs. LDN 1.23 mg/dL;
see Figure 1) [28,33]. Correspondingly, the preoperative kidney function, but not the type of surgical
approach for DN, was predictive for the postoperative kidney function of the donor at discharge (see
Table 4). Interestingly, patient gender also had a significant impact on postoperative kidney function.
However, this should not be over-interpreted, as male kidney donors had a worse kidney function
than women, with higher serum creatinine values preoperatively (0.9 vs. 0.72 mg/dL, p < 0.001)
and postoperatively (1.42 vs. 1.1 mg/dL, p < 0.001) in this analysis. For this reason, (male) patient
gender was predictive for (worse) postoperative kidney function; this may not be representative for
other cohorts.
Similarly, Benoit et al. created a model to predict 1-year postoperative renal function of kidney
donors after LDN, which has been externally validated [34,35]. The authors predicted postoperative
eGFR by preoperative eGFR and patient age (postoperative eGFR = 31.71 + (0.5 × preoperative eGFR)
− 0.314 × age at donation). In our model, patient age was not predictive for postoperative kidney
function, potentially because we evaluated the short-term kidney function at discharge and not one
year after DN.
Concerning recipients, the DGF rates of 6.3% (LDN) and 11.5% (RDN) did not significantly differ
between groups. In general, there is a large variety of reported DGF rates in living kidney donation,
ranging from 4 to 10% [36,37]. This not only results from center-specific differences, but also from
inconsistent definitions: DGF can be defined by urine output per day, serum creatinine decline, or the
need for dialysis after transplantation [36]. We applied a considerably broad definition for DGF
(postoperative dialysis within one week after transplantation for any cause or insufficient creatinine
decrease not below 2 mg/dL). DGF rates in the RDN group were 11.5% due to transplantation-related
surgical, mainly vascular causes. One (1.9%) patient with a mechanic aortic valve developed a perirenal
hematoma, causing prolonged creatinine decline without the need for dialysis. In the LDN group, DGF
was mainly caused by acute rejections (3.4%), and also comprised one patient (0.5%) who required
dialysis for potassium depletion only. Consequently, DGF did not result from the type of DN, but
rather transplantation-specific causes.
Regardless, the kidney function of the recipients significantly improved after transplantation, and
did not differ between groups during follow-up (see Figure 1). In the multiple regression analysis,
not only the preoperative kidney function of the recipient, but also a history of donor smoking,
had a significant impact on graft function one week after transplantation (see Table 4). Smoking is a
well-known modifiable risk factor for the development of chronic and end-stage kidney disease [38,39].
A history of donor smoking has a negative impact not only on the survival of the donor, but also of
the recipient [40]. In our cohort, a positive history of donor smoking increased serum creatinine one
week after transplantation by 0.63 mg/dL. This highlights, again, the importance of informing not
only transplant patients, but also potential kidney donors, about the risks of tobacco use, and the
importance of helping patients to stop smoking.
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This analysis is not devoid of limitations. As a bi-centric study, experienced but different surgeons
and different teams conducted the RDNs and LDNs. Patient cohorts did not significantly differ in
terms of characteristics, but were not equally balanced in terms of caseload. Although surgical results
were not affected by inherent learning curves, at least the results in the RDN group were affected by
simultaneous robot-assisted kidney transplantation. This procedural aspect highlights the complexity
of comparing minimally-invasive donor nephrectomies: the surgical part itself is in high demand,
but the high variability of the technical, procedural, and underlying ethical aspects also have to be
taken into account [41].
5. Conclusions
Minimally-invasive surgical techniques have increased the acceptance of living kidney donation,
but its high variability renders head-to-head comparisons of surgical approaches a complex task.
In this bi-centric study, we compared more than 250 cases of 52 transperitoneal robotic DNs with 205
laparoscopic DNs. Operating time and length of stay were no different between groups, but slightly
longer than elsewhere, as DNs and transplantations were conducted simultaneously to reduce CIT,
and most other national health systems do not allow longer inpatient stays. Other perioperative
results (complication rates, WIT) and mid-term kidney function including DGF rates were comparable
with published data, and did not differ between RDN and LDN. This was possible because both
centers already had prior expertise in either LDN itself or robotic surgery in general. For this reason,
patient-specific factors (preoperative kidney function, history of donor smoking) were the more relevant
impacts upon donor and graft function.
Author Contributions: P.Z., F.F., and M.S. (Michael Stöckle) designed the study; P.Z. analyzed the data and wrote
the manuscript; L.H., R.P., M.S. (Matthias Saar), J.L., S.S., A.M., J.K., L.L., K.B., T.S., F.F., and M.S. (Michael Stöckle)
drafted and revised the paper. All authors approved the final version of the manuscript.
Funding: This research received no external funding.
Acknowledgments: We would like to thank the working group for kidney transplantation (“Arbeitskreis
Nierentransplantation”, https://www.nieren-transplantation.com/) of the German Association of Urology for
initiating this bi-centric work.
Conflicts of Interest: The authors declare no conflicts of interest.
References
1. Shapiro, R. End-stage renal disease in 2010: Innovative approaches to improve outcomes in transplantation.
Nat. Rev. Nephrol. 2011, 7, 68–70. [CrossRef] [PubMed]
2. Murray, J.E.; Merrill, J.P.; Harrison, J.H. Renal homotransplantation in identical twins. J. Am. Soc. Nephrol.
JASN 2001, 12, 201–204. [PubMed]
3. Schweitzer, E.J.; Wilson, J.; Jacobs, S.; Machan, C.H.; Philosophe, B.; Farney, A.; Colonna, J.; Jarrell, B.E.;
Bartlett, S.T. Increased rates of donation with laparoscopic donor nephrectomy. Ann. Surg. 2000, 232, 392–400.
[CrossRef] [PubMed]
4. Ratner, L.E.; Ciseck, L.J.; Moore, R.G.; Cigarroa, F.G.; Kaufman, H.S.; Kavoussi, L.R. Laparoscopic live donor
nephrectomy. Transplantation 1995, 60, 1047–1049.
5. Pfaffl, M.W.; Horgan, G.W.; Dempfle, L. Relative expression software tool (REST) for group-wise comparison
and statistical analysis of relative expression results in real-time PCR. Nucleic Acids Res. 2002, 30, e36.
[CrossRef]
6. Wolf, J.S., Jr.; Tchetgen, M.B.; Merion, R.M. Hand-assisted laparoscopic live donor nephrectomy. Urology
1998, 52, 885–887. [CrossRef]
7. Wadstrom, J.; Lindstrom, P. Hand-assisted retroperitoneoscopic living-donor nephrectomy: Initial 10 cases.
Transplantation 2002, 73, 1839–1840. [CrossRef]
8. Gill, I.S.; Canes, D.; Aron, M.; Haber, G.P.; Goldfarb, D.A.; Flechner, S.; Desai, M.R.; Kaouk, J.H.; Desai, M.M.
Single port transumbilical (E-NOTES) donor nephrectomy. J. Urol. 2008, 180, 637–641, discussion 641.
[CrossRef]
J. Clin. Med. 2020, 9, 1610 10 of 11
9. Janki, S.; Dor, F.J.; JN, I.J. Surgical aspects of live kidney donation: An updated review. Front. Biosci. 2015, 7,
346–365. [CrossRef]
10. Pietrabissa, A.; Abelli, M.; Spinillo, A.; Alessiani, M.; Zonta, S.; Ticozzelli, E.; Peri, A.; Dal Canton, A.;
Dionigi, P. Robotic-assisted laparoscopic donor nephrectomy with transvaginal extraction of the kidney.
Am. J. Transplant. 2010, 10, 2708–2711. [CrossRef]
11. LaMattina, J.C.; Alvarez-Casas, J.; Lu, I.; Powell, J.M.; Sultan, S.; Phelan, M.W.; Barth, R.N. Robotic-assisted
single-port donor nephrectomy using the da Vinci single-site platform. J. Surg. Res. 2018, 222, 34–38.
[CrossRef] [PubMed]
12. Tzvetanov, I.; Bejarano-Pineda, L.; Giulianotti, P.C.; Jeon, H.; Garcia-Roca, R.; Bianco, F.; Oberholzer, J.;
Benedetti, E. State of the art of robotic surgery in organ transplantation. World J. Surg. 2013, 37, 2791–2799.
[CrossRef] [PubMed]
13. Kortram, K.; Ijzermans, J.N.; Dor, F.J. Perioperative Events and Complications in Minimally Invasive
Live Donor Nephrectomy: A Systematic Review and Meta-Analysis. Transplantation 2016, 100, 2264–2275.
[CrossRef] [PubMed]
14. Abramowicz, D.; Cochat, P.; Claas, F.H.; Heemann, U.; Pascual, J.; Dudley, C.; Harden, P.; Hourmant, M.;
Maggiore, U.; Salvadori, M.; et al. European Renal Best Practice Guideline on kidney donor and recipient
evaluation and perioperative care. Nephrol. Dial. Transplant. 2015, 30, 1790–1797. [CrossRef]
15. Breda, A.; Budde, K.; Figueiredo, A.; Lledó García, E.; Olsburgh, J.; Regele, H.; Boissier, R.; Taylor, C.F.;
Hevia, V.; Faba, O.R.; et al. EAU Guidelines on Renal Transplantation; EAU Guidelines Office: Arnhem,
The Netherlands, 2020; ISBN 978-94-92671-07-3.
16. Wilson, C.H.; Sanni, A.; Rix, D.A.; Soomro, N.A. Laparoscopic versus open nephrectomy for live kidney
donors. Cochrane Database Syst. Rev. 2011, CD006124. [CrossRef] [PubMed]
17. Wang, H.; Chen, R.; Li, T.; Peng, L. Robot-assisted laparoscopic vs laparoscopic donor nephrectomy in renal
transplantation: A meta-analysis. Clin. Transplant. 2019, 33, e13451. [CrossRef] [PubMed]
18. Janssen, M.S.U.; Kopper, B.; Gerber, M.; Ohlmann, C.-H.; Akcetin, Z.; Kamradt, D.; Siemer, S.; Stöckle, M.
Lectures: 088 Robotic-assisted donor nephrectomy for living donor kidney transplantation—Results of the
first series in Germany. Transplant. Int. 2011, 24, 3–24. [CrossRef]
19. Territo, A.; Gausa, L.; Alcaraz, A.; Musquera, M.; Doumerc, N.; Decaestecker, K.; Desender, L.; Stockle, M.;
Janssen, M.; Fornara, P.; et al. European experience of robot-assisted kidney transplantation: Minimum of
1-year follow-up. BJU Int. 2018, 122, 255–262. [CrossRef] [PubMed]
20. Zeuschner, P.; Siemer, S.; Stockle, M. Robot-assisted kidney transplantation. Urol. A 2020, 59, 3–9. [CrossRef]
[PubMed]
21. Turk, I.A.; Deger, S.; Davis, J.W.; Giesing, M.; Fabrizio, M.D.; Schonberger, B.; Jordan, G.H.; Loening, S.A.
Laparoscopic live donor right nephrectomy: A new technique with preservation of vascular length. J. Urol.
2002, 167, 630–633. [CrossRef]
22. Giessing, M.; Deger, S.; Schonberger, B.; Turk, I.; Loening, S.A. Laparoscopic living donor nephrectomy:
From alternative to standard procedure. Transplant. Proc. 2003, 35, 2093–2095. [CrossRef]
23. Cohen, A.J.; Williams, D.S.; Bohorquez, H.; Bruce, D.S.; Carmody, I.C.; Reichman, T.; Loss, G.E., Jr.
Robotic-assisted laparoscopic donor nephrectomy: Decreasing length of stay. Ochsner J. 2015, 15, 19–24.
[PubMed]
24. Serrano, O.K.; Kirchner, V.; Bangdiwala, A.; Vock, D.M.; Dunn, T.B.; Finger, E.B.; Payne, W.D.; Pruett, T.L.;
Sutherland, D.E.; Najarian, J.S.; et al. Evolution of Living Donor Nephrectomy at a Single Center: Long-term
Outcomes With 4 Different Techniques in Greater Than 4000 Donors Over 50 Years. Transplantation 2016, 100,
1299–1305. [CrossRef] [PubMed]
25. Basiri, A.; Simforoosh, N.; Heidari, M.; Moghaddam, S.M.; Otookesh, H. Laparoscopic v open donor
nephrectomy for pediatric kidney recipients: Preliminary report of a randomized controlled trial. J. Endourol.
2007, 21, 1033–1036. [CrossRef] [PubMed]
26. Simforoosh, N.; Basiri, A.; Tabibi, A.; Shakhssalim, N.; Hosseini Moghaddam, S.M. Comparison of
laparoscopic and open donor nephrectomy: A randomized controlled trial. BJU Int. 2005, 95, 851–855.
[CrossRef] [PubMed]
27. Horgan, S.; Galvani, C.; Gorodner, M.V.; Jacobsen, G.R.; Moser, F.; Manzelli, A.; Oberholzer, J.; Fisichella, M.P.;
Bogetti, D.; Testa, G.; et al. Effect of robotic assistance on the “learning curve” for laparoscopic hand-assisted
donor nephrectomy. Surg. Endosc. 2007, 21, 1512–1517. [CrossRef] [PubMed]
J. Clin. Med. 2020, 9, 1610 11 of 11
28. Janki, S.; Klop, K.W.J.; Hagen, S.M.; Terkivatan, T.; Betjes, M.G.H.; Tran, T.C.K.; Ijzermans, J.N.M. Robotic
surgery rapidly and successfully implemented in a high volume laparoscopic center on living kidney
donation. Int. J. Med. Robot. 2017, 13. [CrossRef]
29. Friedersdorff, F.; Werthemann, P.; Cash, H.; Kempkensteffen, C.; Magheli, A.; Hinz, S.; Waiser, J.; Liefeldt, L.;
Miller, K.; Deger, S.; et al. Outcomes after laparoscopic living donor nephrectomy: Comparison of two
laparoscopic surgeons with different levels of expertise. BJU Int. 2013, 111, 95–100. [CrossRef]
30. Kawan, F.; Theil, G.; Fornara, P. Robotic Donor Nephrectomy: Against. Eur. Urol. Focus 2018, 4, 142–143.
[CrossRef]
31. Hellegering, J.; Visser, J.; Kloke, H.J.; D’Ancona, F.C.; Hoitsma, A.J.; van der Vliet, J.A.; Warle, M.C. Deleterious
influence of prolonged warm ischemia in living donor kidney transplantation. Transplant. Proc. 2012, 44,
1222–1226. [CrossRef]
32. Brunotte, M.; Rademacher, S.; Weber, J.; Sucher, E.; Lederer, A.; Hau, H.-M.; Stolzenburg, J.-U.; Seehofer, D.;
Sucher, R. Robotic assisted nephrectomy for living kidney donation (RANLD) with use of multiple locking
clips or ligatures for renal vascular closure. Ann. Transl. Med. 2020, 8, 305. [CrossRef] [PubMed]
33. Luke, P.P.; Aquil, S.; Alharbi, B.; Sharma, H.; Sener, A. First Canadian experience with robotic laparoendoscopic
single-site vs. standard laparoscopic living-donor nephrectomy: A prospective comparative study. Can. Urol.
Assoc. J. 2018, 12, E440–E446. [CrossRef] [PubMed]
34. Benoit, T.; Game, X.; Roumiguie, M.; Sallusto, F.; Doumerc, N.; Beauval, J.B.; Rischmann, P.; Kamar, N.;
Soulie, M.; Malavaud, B. Predictive model of 1-year postoperative renal function after living donor
nephrectomy. Int. Urol. Nephrol. 2017, 49, 793–801. [CrossRef] [PubMed]
35. Kulik, U.; Gwiasda, J.; Oldhafer, F.; Kaltenborn, A.; Arelin, V.; Gueler, F.; Richter, N.; Klempnauer, J.;
Schrem, H. External validation of a proposed prognostic model for the prediction of 1-year postoperative
eGFR after living donor nephrectomy. Int. Urol. Nephrol. 2017, 49, 1937–1940. [CrossRef]
36. Perico, N.; Cattaneo, D.; Sayegh, M.H.; Remuzzi, G. Delayed graft function in kidney transplantation. Lancet
2004, 364, 1814–1827. [CrossRef]
37. Narayanan, R.; Cardella, C.J.; Cattran, D.C.; Cole, E.H.; Tinckam, K.J.; Schiff, J.; Kim, S.J. Delayed graft
function and the risk of death with graft function in living donor kidney transplant recipients. Am. J.
Kidney Dis. 2010, 56, 961–970. [CrossRef]
38. Xia, J.; Wang, L.; Ma, Z.; Zhong, L.; Wang, Y.; Gao, Y.; He, L.; Su, X. Cigarette smoking and chronic kidney
disease in the general population: A systematic review and meta-analysis of prospective cohort studies.
Nephrol. Dial. Transplant. 2017, 32, 475–487. [CrossRef]
39. Orth, S.R.; Hallan, S.I. Smoking: A risk factor for progression of chronic kidney disease and for cardiovascular
morbidity and mortality in renal patients–absence of evidence or evidence of absence? Clin. J. Am.
Soc. Nephrol. 2008, 3, 226–236. [CrossRef]
40. Aref, A.; Sharma, A.; Halawa, A. Smoking in Renal Transplantation; Facts beyond Myth. World J. Transplant.
2017, 7, 129–133. [CrossRef]
41. Ahlawat, R.K.; Jindal, T. Robotic Donor Nephrectomy: The Right Way Forward. Eur. Urol. Focus 2018, 4,
140–141. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
